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Abstract

Background: The optimal choice of the valve prosthesis in mitral valve replacement

(MVR) for infective endocarditis (IE) is controversial and challenging, particularly for

younger patients.

Hypothesis: The postoperative outcomes of mechanical and biological MVR in IE

patients aged 50 to 69 years are different.

Methods: All IE patients aged 50 to 69 years with primary MVR in Hubei province

hospitals from 2002 to 2018 were retrospectively reviewed. The median duration of

follow-up was 8.7 years (IQR, 6.8-10.9 years). Propensity score matching (1:3 ratio)

was used to yield 492 patients with comparable baseline features between

bioprostheses and mechanical prosthetic valve groups. Outcomes were postoperative

mid- to long- term survival, mitral valve reoperation, prosthetic valve endocarditis

(PVE), stroke, and major bleeding events.

Results: Fifteen-year survival after MVR was 80.6% in the mechanical valve group

and 69.3% in the bioprostheses group (HR 0.545, P = .040). The cumulative incidence

of mitral valve reoperation was 8.8% with mechanical valves and 21.4% with

bioprostheses (HR 0.260, P = .002). The cumulative incidence of PVE was 5.6% with

mechanical valves and 7.2% with bioprostheses (HR 0.629, P = .435). The cumulative

incidence of stroke was 12.9% with mechanical valves and 10.5% with bioprostheses

(HR 1.217, P = .647). The cumulative incidence of major bleeding was 12.0% with

mechanical valves and 6.75% with bioprostheses (HR 1.579, P = .268).

Conclusions: Mechanical valve prostheses were associated with better survival,

lower rates of reoperation compared with bioprostheses within 15 years after MVR

in IE patients aged 50 to 69. These findings suggest mechanical valve prostheses may

be a more reasonable alternative to bioprostheses in this patient group.
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1 | INTRODUCTION

Infective endocarditis (IE) is a life-threatening disease associated with

high mortality and morbidity.1 Valve repairs is preferred over valve

replacement; however, mitral valve replacement (MVR) is the corner-

stone treatment, especially in the presence of severe valvular destruc-

tion or large vegetation.2,3 There is no consensus recommendation of

either bioprostheses or mechanical valve in the setting of IE, com-

orbidities and preferences should be considered in making the deci-

sion for prosthetic valve selection. A few studies comparing

mechanical and biological prostheses in IE patients lead to contradic-

tory results.4-6 For the general population with mitral valve disease,

the European Society of Cardiology suggested surgery with mechani-

cal valves for patients under 65 year while bioprosthesis for patients

older than 70 year7; the American Heart Association guidelines rec-

ommend a mechanical valve prosthesis in patients under the age of

50 and a bioprostheses valve prosthesis over the age of 70.8 Between

these ages, recent consensus guidelines recommend an individualized

approach to prosthesis selection based on patient factors and

preferences.

To clarify the ideal choice of prosthesis in native mitral valve IE,

we designed this study and compared long-term survival, incidence of

reoperation, prosthetic valve endocarditis (PVE), stroke, and major

bleeding events between bioprostheses and mechanical MVR in IE

patients aged 50 to 69 years.

2 | PATIENTS AND METHODS

A retrospective cohort study comparing long-term outcomes after

MVR was performed with either a mechanical prosthetic or a

bioprostheses valve using the Hubei cardiac surgery registration sys-

tem, an administrative database in which all inpatient hospitalizations

of cardiovascular surgery in Hubei province are recorded. All patients

aged 50 to 69 years who underwent primary MVR in Hubei province

from 1 January 2002 to 31 December 2018 were identified. The pro-

tocol of this study was approved by the Ethical Committee of Tongji

Medical College affiliated with Huazhong University of Science and

Technology (02/03/2017S221).

A total of 8262 patients aged 50 to 69 years who received MVR

surgery between 1 January 2002 and 31 December 2018 were identi-

fied using International Classification of Diseases, Ninth Revision,

Clinical Modification (ICD-9- CM) procedure codes (35.23 and 35.24).

Of these patients, 754 (9.13%) had a principal diagnosis of IE identi-

fied by ICD-9-CM diagnosis codes (421.0, 421.1, and 421.9) during

the index hospitalization. Fifty six patients who had received previous

valve surgery were excluded. Patients were more likely to undergo

mechanical prosthetic MVR (562 patients; 80.5%) than bioprostheses

prosthetic MVR (136 patients; 19.5%) in our study. To minimize

potential selection bias, we calculated a propensity score from

selected variables and matched each patient in the bioprostheses

prosthetic group with each patient in the mechanical prosthetic group.

Finally, 123 patients of the bioprostheses prosthetic group and

369 patients of the mechanical prosthetic group were identified and

were eligible for analysis (Figure 1).

Preoperative clinical characteristics, operation variables, and post-

operative inhospital complications were acquired according to the

medical records. Follow-up data were acquired through clinic

reexamination and telephone interview. The follow-up was 98.2%

complete; median follow-up time was 8.7 years (interquartile range

[IQR], 6.8-10.9 years) with maximum follow-up of 16.5 years. Median

follow-up time was 8.8 years (IQR, 6.8-11.0 years) in the mechanical

prosthesis group compared with 8.5 years (IQR, 6.6-10.8 years) in the

bioprosthesis group.

Adverse events were classified according to the standardized def-

initions from the Society of Thoracic Surgeons/American Association

for Thoracic Surgery “Guidelines for Reporting Morbidity and Cardiac

Valvular Operations.”9 The primary study end-points included overall

mortality. The secondary study end-points were reoperation, PVE,

stroke, and major bleeding events. Stroke was defined as any cerebro-

vascular accident documented during the index hospitalization as well

as any subsequent hospital admission in which the principal diagnosis

was hemorrhagic or ischemic stroke. Reoperation was defined as any

subsequent MVR. Major bleeding event was defined as requiring hos-

pitalization or blood transfusion. PVE was diagnosed by ultrasonic

cardiogram.

Baseline patient characteristics are represented as means with SD

for continuous variables and proportions for categorical variables. To

compare baseline differences in comorbidity between patients receiv-

ing mechanical prosthetic and bioprostheses valves, the t test was

performed for continuous variables, the Pearson χ2 test was per-

formed for categorical variables, and standardized differences were

calculated for all variables.

Confounding due to differences in baseline characteristics was

addressed using propensity score matching.10 To calculate the pro-

pensity score, a hierarchical logistic regression model was fitted with

F IGURE 1 Study population flowchart
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bioprostheses implantation as the outcome. Covariates entered into

the model include all measured baseline characteristics: age, sex,

NYHA class III to IV, admission urgency, hypertension, diabetes

mellitus, lung disease, liver disease, renal insufficiency, cerebrovascu-

lar disease, peripheral vascular disease, atrial fibrillation, concomitant

tricuspid valve repair, concomitant coronary artery bypass grafting

(CABG), urgent, or emergency status.

The area under the receiver operating characteristic curve for this

model was 0.81. A 1:3 match was performed through a greedy algo-

rithm based on local optimization using a propensity-score caliper of

width equal to 0.2.11 The baseline characteristics of the patient pairs

matched by propensity score were compared using the paired t test

for continuous variables and the McNamara test for categorical vari-

ables. Standardized difference that was less than 0.1 was deemed

indicative of acceptable balance.12

For the primary end point, survival curves and 15-year estimates

were derived from Kaplan-Meier method. For the secondary end

points of reoperation, PVE, stroke, and major bleeding events, a com-

peting risk analysis was performed to construct cumulative incidence

function curves and to calculate 15-year estimates. For all end points,

marginal Cox proportional hazards regression models with robust

sandwich variance estimators were fitted with only prosthesis type

entered as a covariate. The difference in overall survival was com-

pared using the Cox model, whereas the differences in secondary end

points were evaluated using the Gray test. All data analyses were per-

formed with the Statistical Package for Social Sciences 19.0 (SPSS,

Inc., Chicago, IL). A P < .05 was considered statistically significant.

3 | RESULTS

3.1 | Patients characteristics

The baseline characteristics and operative characteristics of the overall

cohort are presented in Table 1. Patients who underwent bioprostheses

valve replacement were on average older (62.2 ± 4.1 vs 68.7

± 5.2 years, P < .001), and more likely to have cardiovascular morbidity

including hypertension (24.3% vs16.2%, P = .027), diabetes mellitus

(21.3% vs13.2%, P = .016), liver disease (12.5% vs7.1%, P = .040), renal

insufficiency(10.3% vs4.3%, P = .005). Patients who received mechani-

cal prosthetic valves were more likely to have a history of atrial fibrilla-

tion (23.1% vs 14.7%, P = .032) and receive concomitant CABG (9.8%

vs 4.4%, P = .046). A ratio of 1:3 propensity-score matching produced

123 patient pairs. Age and all baseline comorbidities were balanced

with the two groups (Table 1). There was no significant difference in

30-day mortality (1.6% in the bioprosthesis group vs 2.4% in the

mechanical prosthesis group, P = .651) after valve replacement.

3.2 | Survival

Among patients matched by propensity score, mid- to long-term sur-

vival was significantly higher among patients treated with a

mechanical prosthetic than those treated with a biological prosthesis

(hazard ratio [HR], 0.545 [95% CI, 0.306-0.972], P = .040; Figure 2). A

total of 42 (11.4%) deaths occurred in the mechanical prosthesis

group and 22 (17.9%) deaths occurred in the bioprosthesis group, the

actuarial survival at 1, 5, 10, and 15 years were 99.7%, 96.5%, 88.9%,

and 80.6% in the mechanical prosthesis group, and 98.3%, 93.6%,

81.4%, and 69.3% in the bioprosthesis group, respectively.

3.3 | Reoperation

A total of 28 patients received a reoperation in mitral valve position,

and 13 patients in the bioprosthesis group while 15 patients in the

mechanical prosthesis group. Overall 30-day mortality of the

reoperation was 10.7% (3/28). The cumulative incidence of

reoperations was significantly lower among patients treated with a

mechanical prosthetic than those treated with a biological prosthesis

(HR, 0.260 [95% CI, 0.107-0.629], P = .002; Figure 3A). The cumula-

tive incidence of reoperations at 5, 10, and 15 years were 1.84%,

7.65%, and 8.76% in the mechanical prosthesis group, and 8.32%,

17.98%, and 21.54% in the bioprosthesis group, respectively.

3.4 | Prosthetic valve endocarditis

A total of 11 PVE occurred in the mechanical prosthesis group and 5 PVE

occurred in the bioprosthesis group. There was no significant difference

in cumulative incidence of PVE between the mechanical prosthetic and

bioprostheses group (HR, 0.629 [95% CI, 0.197-2.015], P = .435;

Figure 3B). The cumulative incidence of PVE at 5-, 10-, and 15-years

F IGURE 2 Fifteen-year survival after mitral valve replacement for
infective endocarditis patients aged 50 to 69 years according to
prosthetic type: bioprostheses (red line) or mechanical (blue line)
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were 1.46%, 4.51%, and 5.60% in the mechanical prosthesis group, and

3.45%, 7.18%, and 7.18% in the bioprosthesis group, respectively.

3.5 | Stroke

A total of 31 strokes occurred during follow-up period, 25 in the

mechanical prosthesis group and 6 in the bioprosthesis group. There

was no significant difference of stroke between the two groups (HR,

1.217 [95% CI, 0.526-2.816], P = .647; Figure 3C). Among the

31 patients of stroke, 11 patients were hemorrhagic and 20 were

ischemic. Of the 20 ischemic strokes, 15 occurred in the mechanical

prosthesis group and 5 occurred in the bioprosthesis group.

3.6 | Major bleeding events

The rates of major bleeding events during the follow-up period were

not significantly different in patients with a mechanical and biological

prosthesis (HR, 1.579 [95% CI, 0.704-3.539], P = .268; Figure 3D).

The cumulative incidence of major bleeding events at 5, 10, and

15 years were 5.67%, 10.82%, and 12.01% in the mechanical prosthe-

sis group, and 3.11%, 6.75%, and 6.75% in the bioprosthesis group,

respectively. Major bleeding was most commonly gastrointestinal

(57.6%, 19/33), while 15 occurred in the mechanical prosthesis group

and 4 occurred in the bioprosthesis group. Of all major bleeds, 36.4%

(12/33) were intracranial with 11 in the mechanical prosthesis group

and 1 in bioprosthesis group.

4 | DISCUSSION

Despite the evolution of antimicrobial therapy and sepsis prevention,

infections affecting the mitral valves continuously causing significant

morbidity and mortality, leading to valvular malfunction, embolism,

cerebrovascular events, and congestive heart failure. The surgery of

mitral valve endocarditis is primarily determined by disease severity

and valvular and annular destruction. For the lesion only limited to

F IGURE 3 Cumulative Incidence of mid- to long-term outcomes after mitral valve replacement for infective endocarditis patients aged 50 to
69 years according to prosthetic type: bioprostheses (red line) or mechanical (blue line). A, Reoperation. B, Prosthetic valve endocarditis. C,
Stroke. D, Major bleeding events

HU ET AL. 1097



valve leaflets, mitral valve repairs is the preferred option since it

shows better preservation of left ventricular function and low inci-

dence of prosthesis-related complications.13 However, IE with

advanced valvular defects and paravalvular abscesses or fistulas

require complete excision and MVR with artificial valve prosthesis.14

The dilemma about prosthesis selection will arise immediately once

when patients decide to replace the destructed mitral valve.15 The choice

of valve type is determined by balancing the risk of anticoagulation-

related and thromboembolic complications with mechanical valves vs the

risk of structural failure and reoperation with bioprosthetic valves. Since

there is no agreement on the optimal valve prosthetic choice in the set-

ting of infective endocarditis, in most cases we need to refer to the con-

sensus guidelines for the management of valvular heart disease.16-18 In

general, the current guidelines on MVR (such as the American Heart

Association (AHA)/American College of Cardiology (ACC) or the Euro-

pean Society of Cardiology (ESC) and the European Association for Car-

dio-Thoracic Surgery (EACTS) guidelines) recommend using mechanical

valve in for patients younger than 50 year and bioprosthesis for those

who are older than 70 year. 7,8,19 However, the choice of mechanical or

bioprosthetic valve in mitral position for patients aged 50 to 69 years is

an uncharted territory in current guidelines.15,20

Chikwe et al demonstrated no difference in survival for patients

aged between 50 and 69 years requiring MVR, mechanical valves were

associated with a significantly increased risk of stroke (HR 1.62; 95%CI:

1.10-2.39) and bleeding event (HR 1.50; 95%CI: 1.05-2.16), and a signif-

icant reduction in reoperation (HR 0.59; 95% CI: 0.37-0.94).20 Kulik et al

found similar results in MVR patients aged 50 to 65. There was no sig-

nificant difference in late mortality, but an increase in the requirement

for reoperation for bioprosthetic valves (HR 7.1; 95% CI: 1.8-27.8) and

an increased risk of thromboembolism for mechanical valves (HR4.1;

95% CI: 1.3-12.7).21 In contrast, Goldstone et al demonstrated that

receipt of a biologic prosthesis in mitral position was associated with sig-

nificantly higher mortality than receipt of a mechanical prosthesis among

those 50 to 69 years of age (HR 1.16; 95% CI, 1.04-1.30).22

If the influence of IE was putting into consideration, the contro-

versy will be even more complicated. Toyoda et al analyzed the data-

base in California and New York from 1998 to 2010 and concluded

that bioprosthetic and mechanical valves are associated with similar

survival and freedom from endocarditis recurrence in the general pop-

ulation.5 Delahaye et al used data from International Collaboration on

Endocarditis Prospective Cohort Study and found that biological valve

replacement is independently associated with a higher inhospital and

1-year mortality.4 Kyto et al demonstrated that the use of mechanical

valve is associated with lower mid-term mortality compared with bio-

prosthesis in patients with native-valve IE aged <70 years.23 These

studies neither differentiated the outcomes of valve replacement of IE

in the mitral or aortic position nor aimed the specific patient cohort

aged range from 50 to 69 years.

To our best knowledge, here we presented the first propensity

score-matched study of IE patients aged 50 to 69 with long-term

follow-up data from the database of Hubei Medical Quality Control

Center of Cardiovascular Surgery. As the geographical center of

China, Hubei provides an ideal representative for its vast area (72.394

mile2), a large population (53.9 million), and ethnic diversity (55 ethnic

groups). Based on our findings, the 15-year survival of valve replace-

ment in either mechanical or bioprosthesis group in this specific age

range is satisfied (77.4% vs 66.4%, P = .481). The cumulative incidence

of mitral valve reoperation at 15 years was significantly higher in the

bioprosthesis group compared with the mechanical prosthesis group

(15.8% vs 6.2%, P = .038). The high reoperation rate in bioprosthesis

group may be attributed to the combination of bioprosthesis failure

and endocarditis recurrence. There is no obvious difference in endo-

carditis recurrence rates between two artificial valve groups as

observed in our study, which is 3.1% in mechanical and 5.1% in bio-

prosthesis group at 15 years. The endocarditis recurrence rate of our

cohort is lower than those reported by other literature regardless of

the type of prosthetic valve,24-26 which can be explained by the

patient characteristics, such as less dialysis dependence, intravenous

drug abuse, and the type of pathogen. These factors are proved to be

the main independent predictors of recurrent endocarditis.5,27 Com-

plications associated with anticoagulation, such as stroke and major

bleeding events, are still higher in mechanical groups as usual.

Another thing worth mention is the reason why valve replace-

ment for heart valve disease including endocarditis is still more pre-

ferred in China. The first possible explanation is the epidemiology

difference between Chinese and Euro-American patients.28 Overall,

there are lesser IE patients with a history of intravenous drug abuse,

dialysis-dependent renal failure, cardiac implantable electrophysiologi-

cal devices, or immunodeficiency in China. Besides, the majority of IE

patients in China often have a long history of substandard oral antibi-

otics and antipyretics usage for a nonspecific fever –the classic sign of

endocarditis, which makes them miss the best opportunity for valve

repair since their severe valvular destruction. It is quite common in

the clinic to encounter Chinese IE patients with large or mobile vege-

tations, valve dehiscence or penetration, and severely impaired heart

function. Moreover, Chinese patients have more concerns about the

durability of mitral valve repair and the possibility of recurrent infec-

tion due to incomplete resection of the infected tissue, which makes

them prefer to select valve replacement.29

The main limitations of this study are its retrospective observa-

tional nature, which may impact generalizability. We use the propen-

sity score analysis method to minimize the impact of confounders

related to treatment selection and heterogeneity in baseline factors;

however, the fact that some patients had contraindications for a long-

term anticoagulant therapy was not avoided in the present study and

a randomized prospective trial should be designed to confirm our

result and allow for a class IA recommendation. Second, the dataset

does not contain information on the prosthesis model, including

bovine vs porcine, homograft vs allograft, or duration and type of anti-

biotic therapy, which may affect the function and durability of the

prosthesis. Third, there was no complete data regarding the etiology

of the infective endocarditis and we failed to compare the etiology

between the two groups. Fourth, the risk of recurrence and

reoperation for patients admitted to hospitals out of Hubei province

during the follow-up period were not captured, and we may therefore

have underestimated the number of events.
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This propensity score-matched study compared 15-year outcomes

between mechanical and bioprosthetic MVR in infective endocarditis

patients aged 50 to 69 years. We found that there was no significant

difference in incidence of prosthetic valve endocarditis, major bleed-

ing, or stroke between the two types of prostheses, but mechanical

valve prostheses were associated with the better survival and lower

rate of reoperation. These findings suggest mechanical valve prosthe-

ses may be a more reasonable alternative to bioprostheses in this

patient group.
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